Abstract -Genotypes at the gliadin loci Gli-A1 , Gli-B1 , Gli-D1 and the high-molecular-weight glutenin subunit loci Glu-A1 , Glu-B1 , Glu-D1 were identified in 77 winter common wheat cultivars developed in the Central Forest Steppe of Ukraine in different periods of time. The highest level of variation was observed at the Gli-A1 locus. Predominant alleles (one or two per locus) were revealed. The comparison of allele frequencies in groups of cultivars developed in different periods of time (before 1996 and in 1996-2007) has demonstrated appearance of new alleles and change of frequencies of existing alleles at the storage protein loci. The high frequency of cultivars with the wheat-rye 1BL/1RS translocation was detected (about 40%). The wheat rye 1AL/1RS translocation was identified in six cultivars developed in the last decade. Four gliadin alleles, Gli-A1w (a marker for the 1AL/1RS translocation), Gli-A1x , Gli-A1y and Gli-B1x , were proposed for cataloging.
INTRODUCTION
Storage proteins are convenient biochemical markers for identification and registration of wheat cultivars, analysis of their purity. Seed storage protein loci in common wheat ( Triticum aestivum L.) are well-studied. Alcohol-soluble proteins, gliadins, are encoded by the six major loci Gli-A1 , Gli-B1 , Gli-D1 , Gli-A2 , Gli-B2 and Gli-D2 located in the distal parts of the short arms of homoeologousgroup 1 and 6 chromosomes [1] . These loci are highly polymorphic [2] [3] [4] . Loci encoding high-molecular-weight glutenin subunits (HMW GS), Glu-A1 , Glu-B1 and Glu-D1 , are located on the long arms of homoeologous group 1 chromosomes [5] . They also show multiple allelism [4, 6] . Storage protein composition shows association with bread-making quality [7] .
Investigation of genotypes at storage protein loci permits tracing the history of breeding in different countries. In particular, gliadin diversity was analyzed in collections of common wheat cultivars from different countries of the world: Russia [8, 9] , Ukraine [10] , North Kazakhstan [11] , France [12] , Italy [13] , England [8] , Spain [14] , Greece [15] etc. In some studies, predominance of certain alleles depending on the location of breeding centers was demonstrated [8, 11, 16] . 1 The article is published in the original.
The objective of this study was to analyze variation at the major storage protein loci of homoeologous group 1 chromosomes in winter common wheat cultivars developed in the main breeding center of the Central Forest-Steppe of Ukraine, Remeslo Myronivka Institute of Wheat, as well as cultivars developed jointly with the Institute of Plant Physiology and Genetics, and to compare allele frequencies in groups of cultivars developed in different periods of time. of Laemmli [18] in 10% resolving gel. Gliadin alleles were identified using the catalogue of Metakovsky [3] supplemented by alleles presented in further studies [12, 14, 19] . The Gli-B5b allele was identified from the characteristic pattern (two ω-components), as presented in [14] . Cultivars lacking these components carry the Gli-B5a allele (null allele) [12] . Alleles of HMW GS were identified by the catalogue of Payne and Lawrence [6] . The cultivar Bezostaya 1, its nearisogenic line with the Gli-AIm allele [20] , as well as some cultivars recommended in [3] were used as gliadin standards. Allele frequency in groups of cultivars was calculated with consideration for heterogeneous cultivars (the frequency of each of the two alleles at a locus in a heterogeneous cultivar was taken to be 50%). Standard errors of frequencies were calculated by the formula where p is the allele frequency, N is the number of cultivars in the group analyzed [21] . Nei's genetic variation index [22] at each locus was calculated by the formula where p i is the frequency of the certain allele at the locus in a group studied. Average values of H were calculated for three Gli-1 loci, three Glu-1 loci and all six loci.
MATERIALS AND METHODS

RESULTS
Alleles at the gliadin loci Gli-A1, Gli-B1, Gli-D1
and the HMW GS loci Glu-A1, Glu-B1, Glu-D1 in winter common wheat cultivars of the Central ForestSteppe of Ukraine are presented in Table 1 . The cultivars were released in different periods of time: 28 before 1996 and 49 in 1996-2007. About 25% of cultivars are heterogeneous at one or more storage protein loci (Table 1) .
In the total group of cultivars, the highest number of alleles (eight) was detected at the Gli-A1 locus. Seven alleles were detected at the Gli-B1 and Gli-D1 loci. At the HMW GS loci variation was lower: five alleles the Glu-B1 locus and three alleles at the Glu-A1 and Glu-D1 loci (Table 2) . At the Gli-A1 locus, three alleles (f, b and o) predominate with similar frequencies. At the Gli-B1 locus, predominant alleles are b and l, each found in about 40% of cultivars. The Gli-B1l allele is a marker for the wheat-rye 1BL/1RS translocation [3, 23] . At the Gli-D1 locus, the allele b predominates in the total sample with the frequency of 65%, the second is the allele g (about 19%). At Glu-A1, the alleles a and b have similarly high frequencies, whereas at Glu-B1 and Glu-D1, the alleles c and d, respectively, predominate.
Four gliadin alleles identified in the Ukrainian Forest-Steppe cultivars (Gli-A1w, Gli-A1x, Gli-A1y and Gli-B1x) are absent in the basic catalogue of Metakovsky [3] and among alleles presented in further studies [12, 14, 19] , as well as in the last version of the Catalogue of Gene Symbols [4] . Electrophoretic patterns of these alleles are given in figure. The allele Gli-A1w (a specific secalin block) is a marker of the wheat-rye 1AL/1RS translocation that first appeared in the culti- [2] . The pattern of the allele Gli-A1x has a γ-gliadin component with the slightly lower mobility than that of the wide-spread allele GliA1f, but lacks any γ-components. This allele is present in the catalogue of Sobko and Poperelya [2] as GLD-1A 9.
The allele Gli-B1x was identified in Mironovskaya 62 and Myronivska Storichna. Its γ-component has slightly lower mobility than that of the alleles Gli-B1b, j, e, g, and c with γ-45 and its ω-gliadins differ from those in other catalogued alleles. However, it is possible that some of its ω-components marked in figure might be encoded by minor loci of chromosome 1A or 1B.
The cultivars with the Gli-B1h allele (Estet, Garant, Modus and Monotyp) carry two ω-components with the mobility similar to that of the allele Gli-B5b. Gli-B5 is a minor locus closely linked to the major locus Gli-B1 [24] . Its allele Gli-B5b is associated with the Rg1 allele for the red color of glumes [13] . However, the above four cultivars with Gli-B5b have white glumes and thus the rg1 allele. Such cultivars (with the Gli-B5b allele and white glumes) were also previously found among Spanish cultivars (Candeal de Arevalo, Dimas, E. Morandi, a biotype of Negrillo) [14] . At the Gli-B5 locus, the rest of the cultivars carry the Gli-B5a allele (null-allele). However, Mironovskaya 62 and Myronivska Storichna might have another allele at this locus, which has to be proved by genetic analysis.
The comparison of the groups of cultivars developed in different periods of time has demonstrated the appearance of new alleles as well as the change of frequencies of the existing ones. In the group of cultivars developed before 1996, the predominant alleles are f and o at Gli-A1, b and l at Gli-B1, b and g at Gli-D1, a and b at Glu-A1, Glu-B1c and Glu-D1d (Table 2 ). In the group of cultivars developed in 1996-2007, most of these alleles retained their high frequencies: Gli-A1f, b and l at Gli-B1, Gli-D1b, a and b at Glu-A1, Glu-B1c and Glu-D1d. However, in the 1996-2007 group, the frequency of the allele Gli-D1b significantly increased (P < 0.05), whereas the frequency of the allele Gli-D1g became lower (P < 0.05) -only 10%; the frequency of the predominant allele Glu-B1c also decreased (P < 0.001). In the group of cultivars of the last decade, there is a tendency for the increase in the frequency of the allele Gli-A1b and the decrease in the frequency of the allele Gli-B1b. A number of new alleles appeared among the cultivars of the last decade. These are GliA1w (the 1AL/1RS translocation), Gli-B1h associated with Gli-B5b and rg1, Glu-B1d, as well as Glu-B1b, Gli-D1j, Gli-D1i, Gli-D1l, Glu-D1e, and Glu-B1i (in a biotype of Garant). The allele Gli-D1a was identified in the old cultivar Ukrainka 0246 (released in 1929) by starch electrophoresis but it was not found in the later cultivars.
Analysis of genetic diversity using Nei's index (Table 3) revealed close values of average diversity in two groups of cultivars. However, the average diversity for HMW GS loci increased in the last decade from 0.263 to 0.466 mainly due to the increase in the variation index at the Glu-B1 locus (from 0.069 to 0.532), in contrast to the average diversity at the gliadin loci Gli-1, which remained stable. Among the Gli-1 loci, Gli-A1 shows the highest indices of variation in both the groups of cultivars (0.713 and 0.815). Of all the loci studied, the only locus at which the index of variation decreased is Gli-D1 (from 0.618 to 0.440).
DISCUSSION
Ukraine has two geographical-climatic zones of wheat cultivation-the Steppe (the southern zone) and the Forest Steppe (the more northern zone). This study deals with the cultivars bred in the main Forest-Steppe center of wheat breeding with the 100-year historythe Remeslo Myronivka Institute of Wheat. Its breeding history began from the cultivar Ukrainka 0246 released in 1929. The most famous cultivar is Mironovskaya 808. Beginning from the middle 1990s most of the cultivars were developed in cooperation with IPPG. The results of analysis of genotypes at storage proteins loci demonstrate the increase in the number of alleles in the group of the Central Forest-Steppe winter common wheat cultivars developed in the last decade in comparison with the preceding group. However, none of the new alleles became predominant. Genetic diversity remains higher at the gliadin loci in comparison with that at HMWGS loci. The average level of diversity remains stable, but the qualitative and quantitative composition of alleles at some storage protein loci undergoes changes (Tables 2 and 3 ).
The predominant alleles at the HMWGS loci (GluA1a, Glu-A1b, Glu-B1c and Glu-D1d) are identical in both the groups of cultivars and are associated with high-bread-making quality [25] . A special feature of Ukrainian Central Forest-Steppe cultivars in the high frequency of cultivars with the wheat-rye 1BL/1RS translocation. Its frequency even shows the tendency for increasing (from 30 to 44%) despite its well-known deleterious effect on grain quality [26] . The 1BL/1RS translocation, the most wide-spread alien translocation among commercial wheat cultivars [27] , carries a number of disease resistance genes: Pm8, Sr31, Lr26 and Yr9 [4] . However, the adaptive value of this translocation cannot be explained by the presence of resistance genes only. The positive effect of 1BL/1RS translocation on yield components and yield stability was demonstrated in some studies [28] [29] [30] [31] . The data on the high frequency of the allele Gli-B1l (the 1BL/1RS translocation) in the Ukrainian Central Forest-Steppe cultivars are in good agreement with the data obtained for French cultivars. Metakovsky and Branlard [12] revealed the high frequency of the allele Gli-BIl among cultivars grown in the North of France, which are more resistant to cold.
Cultivars of the last decade show the increase in the frequency of the allele Gli-D1b and the substantial reduction in the frequency of the allele Gli-D1g. According to the data of Sozinov and Poperelya [32] , the allele Gli-D1g (GLD 1D 5) is associated with higher frost resistance. However, the frequency of newlydeveloped Central Forest-Steppe cultivars with this allele became low, which may reflect the global tendency for warming, and thus, the loss of the adaptive value of this allele.
Of interest is the appearance of cultivars with the wheat-rye 1AL/1RS translocation, whose marker is a specific secalin block. We propose to include this allele as Gli-A1w to the catalogue of Gli-A1 alleles, like in the case of the allele Gli-B1l. The translocation that derives from Amigo (from the rye Insave) carries the genes for resistance to greenbug Schizaphis graminum biotypes B and C, Gb2, to wheat curl mite Aceria tosicheilla (Keifer), Cm3, to powdery mildew, Pm17 [4] . It does not have such a deleterious effect on bread-making quality in hard wheat as the 1BL/1RS translocation does [33] .
Previous investigations have demonstrated association of allele variants of storage proteins loci with quality indices as well as productivity and adaptation traits (see review [35] ). The results of the investigation of the Ukrainian Central Forest-Steppe cultivars indicate fixation of certain storage protein alleles and formation of allele associations. Whereas the composition of HMWGS stems from requirements for high breadmaking quality, the high frequency of the 1BL/1RS translocation in this group of cultivars suggests its adaptive value. The change of allele frequencies and involvement of new alleles may reflect changes in the breeding process due to change of climatic conditions and field management factors.
